Abstract: 'Italia' grape is one of the most important table grape cultivars grown worldwide. Gray mold, caused by Botrytis cinerea Pers. Fr., is one of the most important causes of postharvest decay of table grapes, and the control of this disease is very difficult because postharvest treatments with synthetic fungicides are not allowed in many countries. The objective of this study was to compare different types of pads releasing different doses of SO 2 during cold storage to control gray mold in 'Italia' table grapes grown under subtropical conditions. Grape bunches were harvested from a commercial field trained on an overhead trellis located at Cambira, state of Parana (PR), South Brazil. The grapes were packed into carton boxes (capacity, 4.5 kg) and subjected to the following SO 2 pad treatments (Uvasys ® , Cape Town, South Africa) under cold storage (1.0 ± 1 • C) for 50 days: (i) Control; (ii) SO 2 slow release pad; (iii) SO 2 dual release pad; (iv) SO 2 dual release-fast reduced pad; (v) SO 2 slow release pad with grapes inoculated with B. cinerea suspension; (vi) SO 2 dual release pad with grapes inoculated with B. cinerea suspension; and (vii) SO 2 dual release-fast reduced pad with grapes inoculated with B. cinerea suspension. After cold storage, the grape boxes were maintained for 7 days at room temperature (25 • C). The incidence of gray mold on the grapes, firmness, shattered berries, stem browning, as well as other physicochemical variables, such as bunch mass, bunch mass loss, skin color, soluble solids (SS), titratable acidity (TA) and SS/TA were evaluated. Both SO 2 dual release pads were highly efficient in preventing the incidence of gray mold in 'Italia' grapes packed in clamshells during the 50-day period of cold storage and at room temperature, even with Botrytis-inoculated berries. The SO 2 slow release pad showed lower efficiency, but was higher than the control. The SO 2 dual release pad treatments provided the best results with respect to stem browning scores (fresh and green stems) during cold storage, and no differences were observed among the treatments with respect to the other physicochemical evaluations.
Introduction
'Italia' grape is one of the most important seeded table grapes worldwide. The major producing areas are located in Chile, Italy, Brazil and Peru, and it is commonly exported overseas because of its sweet and muscat flavor [1] . Table grapes are non-climacteric fruits with relatively low physiological activity, and they are subjected to major water-loss and softening during postharvest handling and cold storage, which can result in stem browning, berry shatter, wilting, and shriveling of berries. Quality and shelf-life are important in grapes intended for table use.
food market chains are equipped with cold chambers for storing fruit before exposing them to room temperature, the effects of different SO 2 pads on 'Italia' table grapes, grown in subtropical regions, and individually packed in clamshells, during cold storage have not yet been assessed. This packaging material may act as a barrier for gas circulation and distribution around the grapes, and an assessment of postharvest techniques to avoid berry losses due to gray mold is needed to maintain quality and profitability for both international and domestic markets.
Because SO 2 treatments can cause unwanted alterations in some grape cultivars, the objective of this study was to compare the effects of pads with different doses of SO 2 on controlling the incidence of gray mold in 'Italia' table grapes, grown under subtropical conditions, and individually packed in clamshells during cold storage.
Materials and Methods

Study Area
The experiment was performed at the Fruit Analysis Laboratory, Agricultural Research Center, State University of Londrina, PR, Brazil. Grape bunches were harvested from 7-year-old vines of 'Italia' grapes grafted onto 'IAC 766 Campinas' rootstock and trained on overhead trellis in a commercial field at Cambira, state of Parana (PR), South Brazil (23 • 35 S, 51 • 34 W; elevation, 1017 m). Samples were collected in the summer of 2017, and the selected bunches were free of defective or decayed berries. The area climate is classified as subtropical (Cfa), with an average temperature of below 18 • C in winter and above 22 • C in summer. The average annual rainfall is~1700 mm. The area was selected because of the recurrence of the disease.
Treatments
The grapes were harvested early in the morning when they were fully ripe and the total soluble solids (TSS), titratable acidity (TA), and TSS/TA had reached around 14 • Brix, 1.0% and 14%, respectively.
The grapes were packed into carton boxes (4.5 kg capacity, see below) and subjected to the following SO 2 pad treatments under cold storage (1.0 ± 1 • C): (i) Control; (ii) SO 2 slow release pad; (iii) SO 2 dual release pad; (iv) SO 2 dual release-fast reduced pad; (v) SO 2 slow release pad with grapes inoculated with B. cinerea suspension; (vi) SO 2 dual release pad with grapes inoculated with B. cinerea suspension; and (vii) SO 2 dual release-fast reduced pad with grapes inoculated with B. cinerea suspension.
The different SO 2 -generating pads (Uvasys ® , Cape Town, South Africa) have 37.55% of the a.i., Na 2 S 2 O 5 , with more than 98% purity and dimensions of 356 × 260 cm each, and were designed to provide 1 g of the a.i. per kg of grapes. The dual release-fast reduced pad was designed for SO 2 -sensitive grape cultivars because it releases 40% of the a.i. over a 24-48 h fast phase (20% less than the dual release pad) and 60% over the slow phase.
The B. cinerea suspension used in this trial was isolated from infected grapes with typical symptoms of gray mold, purified, and identified morphologically and molecularly, according to Youssef and Roberto [16] . The isolates were maintained on potato dextrose agar (PDA) slants and stored at 4 • C for further use. Fungal conidia were harvested from 2-week-old PDA cultures of B. cinerea grown at 23 ± 1 • C. A volume of 5 mL of distilled water, containing 0.05% (v/v) Tween 80, was added to a Petri plate culture. The conidia were gently dislodged from the surface with a distilled glass rod, and suspensions were filtered through three layers of cheesecloth to remove any adhering mycelia. The suspensions were diluted with sterile water and the concentration of 10 6 conidia mL −1 was determined with a hemacytometer. The inoculation was carried out approximately 6 h after grape harvest by spraying the conidial suspension. The control treatment received a water-only 'inoculation' application. After 3 h, the inoculation treatments were completely dry before packaging.
Packaging of the Grapes
After harvest and inoculation, the bunches were pre-cooled with forced air to a temperature of 2 • C within approximately four hours and cleaned, and damaged berries were removed. Then, they were standardized according to cluster shape, size, and mass (~0.5 kg), and each bunch was individually arranged in a plastic clamshell (20 × 10 cm) of 0.5-kg capacity. The grapes were packaged as follows: micro-perforated plastic liner films (1% of the ventilated area) were placed into carton boxes measuring 50 × 30 × 10 cm; a moisture-absorbing sheet measuring 37 × 28 cm was placed at the bottom of the liner; plastic clamshells with grapes were put into the cartons; an SO 2 pad was placed on top of the clamshells; and liners were sealed. A completely randomized experimental design was used, with seven treatments and four replications; each replicate plot consisted of one carton box containing eight bunches individually packed in plastic clamshells.
Cooling System
The grape boxes were cold stored for a period of 50 days. The cooling room was provided with four fans to maintain uniform air temperature of 1 • C. The cartons boxes, placed in layers of seven boxes each, were stacked on a pallet base and tightly positioned in front of a forced air cooler in a cold chamber at 1.0 ± 1 • C and 95% relative humidity. Cardboard (for sealing) was used to cover the corners and tops of the boxes and avoid any type of air escape when the cooler fans were turned on after pre-cooling the cold-storage room. After 50 days, the grape boxes were maintained for a period of 7 days at room temperature (25 • C).
Incidence Analysis of Gray Mold
The incidence of gray mold on the berries (Figure 1 ) was evaluated at 50 days after the beginning of cold storage and at 7 days at room temperature (25 • C) after the end of cold storage. The disease incidence was then calculated using the following formula: Disease incidence (% of diseased berries) = (number of decayed berries/total number of berries) × 100 [16] . individually arranged in a plastic clamshell (20 × 10 cm) of 0.5-kg capacity. The grapes were packaged as follows: micro-perforated plastic liner films (1% of the ventilated area) were placed into carton boxes measuring 50 × 30 × 10 cm; a moisture-absorbing sheet measuring 37 × 28 cm was placed at the bottom of the liner; plastic clamshells with grapes were put into the cartons; an SO2 pad was placed on top of the clamshells; and liners were sealed. A completely randomized experimental design was used, with seven treatments and four replications; each replicate plot consisted of one carton box containing eight bunches individually packed in plastic clamshells.
Cooling System
The grape boxes were cold stored for a period of 50 days. The cooling room was provided with four fans to maintain uniform air temperature of 1 °C. The cartons boxes, placed in layers of seven boxes each, were stacked on a pallet base and tightly positioned in front of a forced air cooler in a cold chamber at 1.0 ± 1 °C and 95% relative humidity. Cardboard (for sealing) was used to cover the corners and tops of the boxes and avoid any type of air escape when the cooler fans were turned on after pre-cooling the cold-storage room. After 50 days, the grape boxes were maintained for a period of 7 days at room temperature (25 °C).
Incidence Analysis of Gray Mold
The incidence of gray mold on the berries ( Figure 1 ) was evaluated at 50 days after the beginning of cold storage and at 7 days at room temperature (25 °C) after the end of cold storage. The disease incidence was then calculated using the following formula: Disease incidence (% of diseased berries) = (number of decayed berries/total number of berries) × 100 [16] . 
Physical Analysis
Physical analysis of the grapes was performed at 50 days after the beginning of cold storage and at 7 days at room temperature after the end of cold storage. The bunch mass loss (%) during postharvest storage was determined by periodic weighing of bunches and was calculated by dividing the mass change during storage by the original mass: mass loss (%) = [(mi − ms)/mi] × 100, where mi = initial mass and ms = mass at the examined time [17] . The berry firmness, expressed in N, was measured with the texture analyzer TA.XTplus (Stable Micro Systems, Surrey, UK) at the equatorial position of 10 berry samples from each plot [18] . Each berry was placed on the stage of the analyzer 
Physical analysis of the grapes was performed at 50 days after the beginning of cold storage and at 7 days at room temperature after the end of cold storage. The bunch mass loss (%) during postharvest storage was determined by periodic weighing of bunches and was calculated by dividing the mass change during storage by the original mass: mass loss (%) = [(mi − ms)/mi] × 100, where mi = initial mass and ms = mass at the examined time [17] . The berry firmness, expressed in N, was measured with the texture analyzer TA.XTplus (Stable Micro Systems, Surrey, UK) at the equatorial position of 10 berry samples from each plot [18] . Each berry was placed on the stage of the analyzer and compressed using a cylindrical probe (35 mm diameter, P35). A constant force of 0.05 N at a speed of 1.0 mm s −1 was then used to deform the berry 20%.
Stem browning was evaluated by visual observation with the following score system: (1) fresh and green, (2) some light browning, (3) significant browning, and (4) severe browning [19] . The shattered berries (%) were evaluated by counting the separated berries from the bunch stem inside each clamshell.
The berry color attributes (CIELab scale system-International Commission on Illumination, Vienna, Austria), such as L* (lightness), C* (chroma), and h • (hue), were analyzed at the equatorial position of the berries with the color reader CR-10 (Konica Minolta ® , Tokyo, Japan). L* ranges from 0 (black) to 100 (white); C* indicates the purity or intensity of color; and h • is measured in angles (green, yellow, and red correspond to 180 • , 90 • , and 0 • , respectively) [20] [21] [22] .
Chemical Analysis
The chemical analyses were performed at 50 days of cold storage and at 7 days at room temperature. For the chemical analyses, 10 berries were collected from each box (plot). The samples were crushed, and the juice was then used to determine soluble solids (SS) content and titratable acidity (TA). For determination of SS, a few drops of the juice were analyzed with a digital refractometer (Krüss DR301-95; A. Krüss Optronic, Hamburg, Germany) with an automatic temperature compensation at 20 • C, and the results were expressed in • Brix. TA was determined using a semi-automatic titrator with 0.1 N NaOH by using 10 mL of the juice diluted in 40 mL of distilled H 2 O, and pH = 8.2 was considered as the endpoint. The results were expressed in % of tartaric acid [23] . The maturation index of the berries was then obtained from the TSS/TA value.
Statistical Analysis
The percentage data were arcsine square root-transformed to normalize the variance before analysis of variance (ANOVA). All data were subjected to ANOVA by using Sisvar ® software (UFLA, Lavras, Brazil). The mean values of the treatments were compared using Tukey's test (p ≤ 0.05).
Results
Gray Mold Incidence (%)
Regarding gray mold incidence in 'Italia' table grapes, significant differences were observed among the treatments when compared with the control at 50 days of cold storage and 7 days of storage at room temperature. After 50 days of cold storage, when the grapes were subjected to SO 2 slow release treatment, the incidence of gray mold was reduced by 99.4% and 93.2% under non-inoculated and inoculated conditions, respectively. SO 2 dual release treatments reduced the incidence of gray mold by 100% under both conditions (non-inoculated and inoculated) when compared with the control. SO 2 dual release-fast reduced pads reduced the incidence of gray mold by 99.8% and 100% under non-inoculated and inoculated conditions, respectively, when compared with the control (Figure 2 ).
After 7 days at room temperature, when grapes were subjected to SO 2 slow release treatment, the incidence of gray mold was reduced by 97.1% and 92.8% under non-inoculated and inoculated conditions, respectively. SO 2 dual release treatments reduced the incidence of gray mold by 99.7% and 97.4% under non-inoculated and inoculated conditions, respectively, when compared with the control. SO 2 dual release-fast reduced pads reduced the incidence of gray mold by 99.9% under both conditions (non-inoculated and inoculated) when compared with the control (Figure 3) . 
Physical Analysis
No significant differences were observed among the treatments at 50 days of cold storage and after 7 days of storage at room temperature. The mass loss varied from 1.4 to 4.2% at 50 days of cold storage, and 0.5 to 2.7% at 7 days of storage at room temperature. No significant differences in berry firmness were observed among the treatments, and the means ranged from 7.0 to 8.6 N at 50 days of cold storage. However, a significant difference was observed between the SO2 slow release pad and the SO2 dual release-fast reduced pads inoculated with Botrytis after 7 days of storage at room temperature, with no significant differences among the remaining treatments (Table 1 ). 
No significant differences were observed among the treatments at 50 days of cold storage and after 7 days of storage at room temperature. The mass loss varied from 1.4 to 4.2% at 50 days of cold storage, and 0.5 to 2.7% at 7 days of storage at room temperature. No significant differences in berry firmness were observed among the treatments, and the means ranged from 7.0 to 8.6 N at 50 days of cold storage. However, a significant difference was observed between the SO 2 slow release pad and the SO 2 dual release-fast reduced pads inoculated with Botrytis after 7 days of storage at room temperature, with no significant differences among the remaining treatments (Table 1) . No significant differences in shattered berries were found among all treatments. The means ranged from 0.0 to 0.5% and 0.5 to 1.9% at 50 days of cold storage and 7 days of storage at room temperature, respectively. Significant differences in stem browning were observed between the control and SO 2 dual release pads inoculated with Botrytis at 50 days of storage at room temperature, with no significant differences among the remaining treatments. The means ranged from 1.0 to 1.6, whereas, after 7 days of storage at room temperature, no statistical differences were found among all treatments (Table 2) . No significant differences in berry color were observed among all treatments at 50 days of cold storage and 7 days of storage at room temperature ( Table 3 ). The L* means ranged from 30.4 to 31.8 and 30.7 to 31.8 at 50 days of cold storage and 7 days of storage at room temperature, respectively. The C* means ranged from 11.9 to 13.1 and 11.9 to 12.5 at 50 days of cold storage and 7 days of storage at room temperature, respectively. Similarly, h • means ranged from 107.2 to 119.9 and 113.3 to 116.6 at 50 days of cold storage and 7 days of storage at room temperature, respectively (Table 3) indicating that the SO 2 pads had no negative effects on 'Italia' berry color. 
Chemical Analysis
No significant differences in SS, TA, and SS/TA were detected in the 'Italia' table grapes at 50 days of cold storage and 7 days of storage at room temperature (Tables 3 and 4 ). The SS ranged from 13.1 to 14.4 and 13.2 to 14.0 • Brix at 50 days of cold storage and 7 days of storage at room temperature, respectively. The TA means ranged from 1.0 to 1.1% at 50 days of cold storage and 7 days of storage at room temperature. SS/TA ranged from 12.1 to 13.7 at 50 days of cold storage and 12.8 to 15.0 at 7 days of storage at room temperature (Table 4) . 
Discussion
The use of different SO 2 -releasing pads on 'Italia' table grapes, especially the dual release types, was an efficient technique for controlling B. cinerea (gray mold) in bunches packed in clamshells under cold storage. Natural infection (non-inoculated) in this experiment was caused mostly by B. cinerea, as the incidence of other pathogens (e.g., Aspergillus spp. and Alternaria spp.) was negligible. B. cinerea is considered one of the most serious postharvest pathogens of table grapes worldwide, and it causes extensive losses [24] .
The control of gray mold is not easy, as most countries have banned the use of synthetic fungicides; as a consequence, different techniques have been used to reduce its infection. Among these practices, appropriate postharvest management of the crop before harvest and the use of SO 2 generator pads in cold storage after harvest have been found to be very effective in controlling gray mold [6, 8, 25, 26] .
The results showed that the incidence of gray mold in 'Italia' table grapes was reduced by the different SO 2 pad treatments. When the grapes were subjected to the slow release pads, the incidence of gray mold was reduced by 99.4% and 97.1% at 50 days of cold storage and 7 days of storage at room temperature, respectively. The best results were observed when the SO 2 dual release pads were used, as gray mold incidence was reduced by 100% and 99.9% at 50 days of cold storage and 7 days of storage at room temperature, respectively, even when the grapes had been inoculated. The contribution of gray mold infection is dependent on the incidence of the infection during harvest, handling, and cooling of grapes in cold chambers. The symptoms of gray mold can be observed on berry skin as "skin-skip" (upon touching, the skin is separated from the flesh), resulting in the establishment of "nests" [8, 9] .
Our results confirm that both SO 2 dual release pads can be used for 'Italia' table grapes, as this cultivar was not sensitive to the higher amounts of SO 2 in the fast-release phase and no unwanted effects were observed. In addition, these treatments provided the best results on stem browning scores (fresh and green stems) during the cold storage.
The slow release pad has only a slow release layer containing the a.i. enclosed in a sheet of plastic and paper. This pad is designed to be used in packing facilities that use SO 2 or dosing chambers to treat and sterilize table grapes by releasing an appropriate and uniform dose of the a.i. to kill and eliminate any actively growing B. cinerea spores over time. The SO 2 dual release pads have a fast release and contain the a.i. between paper sheets of differing permeabilities composed of a slow and fast release phase. Moisture within the grape package is absorbed by the pads, and it reacts with the particles to release SO 2 .
The fast release phase of the pad sterilizes the table grapes by releasing a large enough dose of SO 2 over a 24-to 48-h period to kill and eliminate any actively growing B. cinerea spores, and it then declines in the subsequent 7 days. The slow release phase remains active for a long period for export purposes [14] .
Because of the better marketing index of healthy grapes, such as 'Italia' (which has been a good option because of its muscat flavor and sweetness, even though it is seeded, in South American countries such as Chile and Brazil, it takes around 30 days from harvest for the grapes to reach the consumer's hands in Europe. Therefore, this cultivar can be easily cold-stored in clamshells with a combination of SO 2 pads and liners. Even in the case of price fluctuations or especially for long-distance export marketing where the grapes are in an ocean transport for long periods, this grape cultivar can be maintained for around 50 days in cold storage with SO 2 -generating pads and no quality-loss problems. The continual dose of SO 2 in these pads is concentrated enough to inhibit any latent or inherent B. cinerea spores from growing, and also to ensure low sulfite residues in the table grapes.
The quality of grape berries is the prime consideration in both domestic and export markets. Grape berries grow as bunches; each one is connected to the bunch stem. The bunch of 'Italia' grapes was adequate with respect to visual appearance, quality, flavor, color, firmness, and shape of the berries because of the limited water loss and absence of stem browning. These are important quality characteristics that comprise both bunch as well as berry properties, and these include phytosanitary conditions, uniform bunch color, bunch mass, size and shape, stem quality, berry size and shape, firmness, and SS and TA content [27] .
In addition, bleaching, hairline cracking (almost invisible, small, fine, longitudinal, cracking lines), berry softening, and berry cracking also did not occur in this cultivar when it was treated with the different SO 2 pads. These are the main limitations for long-term storage of the grapes and not only affect the quality of the produce but also consumer quality perception [28] .
The bunch stem is an important part of the grape, as it does not just add to the general look but also provides a support for the customer while eating the grapes. When the grapes are maintained under cold storage, water loss is observed, and as a result the stem starts to change color from green to brown, affecting grape quality. However, in the case of 'Italia' table grapes, stem browning remained green (score of 1) at 50 days of cold storage, and the score changed to 2 (light browning) at 7 days of storage at room temperature. Stem browning is related to water loss, and bunches showing severe stem-browning symptoms lose more water than the bunches with significant stem-browning symptoms [29] .
For long-term storage, new techniques should be developed for packing grapes; water loss as well as deterioration problems when the concentration of SO 2 is too low or too high should be reduced [30] . For this purpose, plastic clamshell punnets (perforated) were used in this study, and each has the capacity for one grape bunch inside. The grape bunches were placed in these clamshells, which were then placed in carton boxes. Even though the grapes were packed in the clamshells, air circulation was sufficient for continuous SO 2 diffusion. The objective of using these packaging materials was to retain grape quality as well as furnish a shelter that can reduce mechanical damage, water loss, and gray mold incidence [31] .
The use of dual release pads was effective in controlling the incidence of gray mold in other grapes, such as 'BRS Vitoria' [32] . This cultivar is sold in both domestic and international markets, and this method prevented decay caused by B. cinerea for more than 45 days. Dual release SO 2 -generating pads in polyethylene with macro-perforations can be used for a period of four months or even longer for 'Red Globe' grapes, without any quality loss or infection [15] .
Conclusions
The dual SO 2 pads were highly efficient in preventing the incidence of gray mold in 'Italia' grapes packed in clamshells during a 50-day period of cold storage and then 7 days at room temperature, even when inoculated with Botrytis. The slow release SO 2 pad showed a lower efficiency than the dual pads, but was better than the control. The SO 2 dual release pad treatments provided the best results with respect to the stem browning scores (fresh and green stems) during cold storage, and no differences in physicochemical quality parameters were observed among the treatments.
